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(57) ABSTRACT 

A method of forming an interconnection component With 
integral conductive elastomeric sheet material, comprising 
providing a connector frame de?ning an opening, casting 
uncured elastomeric conductive polymer interface (ECPI) 
material onto the connector frame spanning the opening, and 
curing the ECPI in the presence of a magnetic ?eld, to 
integrally couple the ECPI to the connector frame, and 
create a series of spaced conductive columns through the 
ECPI thickness. 

16 Claims, 8 Drawing Sheets 

30o 



U.S. Patent Nov. 18,2003 Sheet 1 of 8 US 6,649,115 B2 

9 V \ 

/ \. 
FIGURE 18. 



U.S. Patent Nov. 18,2003 Sheet 2 of 8 US 6,649,115 B2 

FIGURE 1C 



U.S. Patent Nov. 18,2003 Sheet 3 of 8 US 6,649,115 B2 

FIG 2B 

FiG 2C 

FIGURE 2A 



U.S. Patent Nov. 18,2003 Sheet 4 of 8 US 6,649,115 B2 

FIGURE 35 

FIGURE 3A 



U.S. Patent Nov. 18,2003 Sheet 5 of 8 US 6,649,115 B2 

0 

FIG 4 



mm mmDOC 

<m mmDOZ 

US 6,649,115 B2 Sheet 6 0f 8 

an MmDOE , 

on MEDOE 

0 
a2. 

U.S. Patent Nov. 18,2003 



U.S. Patent Nov. 18,2003 Sheet 7 of 8 US 6,649,115 B2 

(I) 
LO 

FIG. 6B 



U.S. Patent Nov. 18,2003 Sheet 8 of 8 US 6,649,115 B2 



US 6,649,115 B2 
1 

METHOD OF MANUFACTURING 
INTERCONNECTION COMPONENTS WITH 
INTEGRAL CONDUCTIVE ELASTOMERIC 

SHEET MATERIAL 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a divisional of “Interconnection Com 
ponents With Integral Conductive Elastomeric Sheet 
Material, and Method of Manufacturing Same”, Ser. No. 
09/970,072, ?led Oct. 3, 2001 now US. pat. No. 6,497,583. 

FIELD OF THE INVENTION 

This invention relates to the ?eld of electrical connectors 
made With conductive polymer material. 

BACKGROUND OF THE INVENTION 

Elastomeric Conductive Polymer Interconnect (ECPI) is a 
composite of conductive metal particles in an elastomeric 
matrix that is constructed such that it conducts along one 
axis only. In general, this type of material is made to conduct 
through its thickness. ECPI is generally produced by mixing 
magnetic particles With a liquid resin, forming the mix into 
a continuous sheet, and curing the sheet in the presence of 
a magnetic ?eld. This results in the particles forming col 
umns through the sheet thickness. These columns are elec 
trically conductive, creating anisotropic conductivity. The 
sheets are subsequently cut to the desired shape and attached 
to a frame or connector structure by mechanical means, or 
by the application of adhesive. In some cases, the cut ECPI 
is simply placed inside the interconnect structure. These 
methods of ECPI use result in material Waste, require 
assembly labor, and can provide less than optimum perfor 
mance. 

As an illustrative example, consider the prior art assembly 
method for a surface mounted LGA or BGA connector. The 
connector consists of an alignment frame and a piece of 
ECPI material. The ECPI may be attached to the alignment 
frame either by mechanical means or by an adhesive. In 
some applications the ECPI can be placed loosely on a 
printed circuit board, and compressed in place betWeen the 
device and the board. This is acceptable in some applications 
such as burn-in and test, but not for most OEM applications. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide an 
interconnection component With an integral ECPI. 

It is a further object of this invention to provide such a 
component that minimiZes ECPI material Waste. 

It is a further object of this invention to provide such a 
component that requires less assembly labor. 

It is a further object of this invention to provide such a 
component that enhances the interconnected performance of 
the ECPI. 

This invention features an interconnection component 
With integral conductive elastomeric sheet material, com 
prising a connector frame, and an elastomeric conductive 
polymer interface (ECPI) integrally coupled to the connector 
frame. The integral coupling may be enhanced With one or 
more openings in the frame, in Which the ECPI is held. The 
frame may be annular, and the openings along at least tWo 
opposed sides of the frame. The frame may be generally 
rectangular and the openings along all four sides of the 
frame. 
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2 
The interconnection component may further comprise one 

or more protrusions in the ECPI, and in contact With the 
frame, to help to maintain registration betWeen the inter 
connection component and the connected device. The ECPI 
may be in tension in the frame. The conductive columns in 
the ECPI may protrude from at least one surface of the ECPI. 
The ECPI may de?ne one or more depressions proximate at 
least some of the conductive columns. The interconnection 
component may further comprise one or more spacer mem 
bers betWeen one or more portions of the frame, and the 
ECPI. 
The interconnection component may further comprise a 

?ex circuit interconnect in electrical contact With the ECPI, 
to enhance interconnection of a device to the ECPI. The 
interconnection component may still further comprise a 
series of electrical interconnects on the ECPI surface and in 
electrical contact With the conductive columns. 

This invention also features a method of forming an 
interconnection component With integral conductive elasto 
meric sheet material, comprising providing a connector 
frame, casting uncured elastomeric conductive polymer 
interface (ECPI) material onto the connector frame, and 
curing the ECPI, to integrally couple the ECPI to the 
connector frame. 

The method may further comprise providing a casting 
plate de?ning an annular cavity With a central pedestal, and 
placing the frame into the cavity before casting the uncured 
ECPI. The method may still further comprise providing one 
or more openings in the frame, in Which the ECPI is held. 
The conductive columns in the ECPI may protrude from at 
least one surface of the ECPI. The protrusion may be created 
With a material that is liquid at the ECPI casting temperature, 
and placed between the pedestal and the uncured ECPI. 
The method may still further comprise providing an array 

of high permeability Zones in the central pedestal to focus 
the magnetic ?eld such that the columns of particles are 
preferentially positioned in the area of the electrical inter 
connection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages Will occur to those 
skilled in the art from the folloWing description of the 
preferred embodiments of the invention, and the accompa 
nying draWings, in Which: 

FIG. 1A is a perspective vieW of a casting plate for use in 
this invention; 

FIG. 1B shoWs an alignment frame for this invention 
placed in the casting plate of FIG. 1A; 

FIG. 1C schematically depicts uncured ECPI material 
being spread over the assembly of FIG. 1B; 

FIG. 2A depicts an alternative alignment frame for use in 
this invention in place in a casting plate, With FIG. 2B 
shoWing in enlarged detail a portion of that frame; 

FIG. 2C depicts the frame of FIG. 2A With the cast, cured 
ECPI material thereon; 

FIG. 3A depicts an alternative embodiment of the central 
pedestal for the casting plate for this invention, With FIG. 3B 
shoWing in enlarged detail a portion of that casting plate; 

FIG. 4 depicts the use of spacer structures on the frame 
before the ECPI is cast; 

FIGS. 5A through 5D depict another alternative for the 
invention in Which a ?ex circuit is used in the assembly; 

FIG. 6A depicts an alternative to the ?ex circuit of FIG. 
5 Wherein contacts are directly plated on the ECPI, With FIG. 
6B shoWing in enlarged detail a portion of the plated ECPI 
surface; and 
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FIG. 7A depicts another alternative for the central ped 
estal of the casting plate for the invention, in Which an array 
of Zones of high magnetic permeability material are used, 
With FIG. 7B showing in enlarged detail a portion of the 
array of FIG. 7A. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The invention described herein addresses the issues 
described above. It also makes it possible to add features to 
the ECPI that could not be readily done by other manufac 
turing methods. The present invention integrates the ECPI 
sheet formation process With the connector assembly pro 
cess. 

With the invention, the connector is made by direct 
casting of the conductive elastomer onto a suitably-shaped 
frame, using a casting plate. FIG. 1 shoWs casting plate 10 
for use in this invention. Plate 10 de?nes cavity 14 and 
central pedestal 16. Openings 18 and 20 pass through to the 
other face (not shoWn) of casting plate 10. Alignment frame 
30 is placed in cavity 14 as shoWn in FIG. 1B. Alignment 
frame 30 carries openings 22 that are shoWn in more detail 
beloW. The top of pedestal 16 and alignment frame 30 is 
beloW the surface of casting plate 10. A suf?cient amount of 
uncured elastomer and blended conductive particles that 
together comprise ECPI mixture 26 is poured onto the 
casting plate 10 and spread With squeegee or doctor blade 24 
to create a ?lm With a thickness de?ned by the difference in 
height betWeen pedestal 16 and frame 30, and the upper 
surface of casting plate 10. Some of the material ?oWs into 
openings 22 in frame 30, to lock the ?lm to the frame, and 
thus register the ?lm to the frame. Before the polymer cures, 
the entire assembly is placed in a magnet and oven to both 
align the particles and cure the ECPI. After the ECPI has 
cured, the assembled part comprising frame 30 With cured 
ECPI material spanning the central opening in the frame, is 
then ejected from the assembly using ejection holes 18. 

The elastomer is cured at a temperature Well above room 
temperature. As the elastomer cools to room temperature, it 
Will shrink in volume due to its thermal coef?cient of 
expansion. The sheet, hoWever, is con?ned at its edges by 
the alignment frame. The connector frame has a loWer 
coef?cient of thermal expansion than the elastomer. The 
elastomer Will bond to the frame and retention features in the 
frame as it cures. When the assembly cools, the ECPI 
shrinks faster than the frame, thus leaving the ECPI in 
tension. The ECPI sheet contains many vertically rigid 
columns. The tension causes the interstitial elastomer to 
substantially contract vertically as it is pulled laterally, due 
to its relatively high Poisson’s ratio v. This Will result in a 
close to optimum positioning of the columns of conductive 
particles. 

Frame 30 has tooling features (openings 31) that alloW 
frame 30 to be precisely aligned to mold 10 and its associ 
ated pedestal 16. Openings 20 in cavity 14 are examples of 
such tooling features in the casting plate. Registration pins 
(not shoWn) passing through openings 31 and 20 accomplish 
the alignment. Pedestal 16 de?nes the surface that control 
lably locates the inner face of the ECPI mixture during the 
casting process. This enables features to be molded into the 
ECPI Which are accurately located to the connector frame. 
Several applications of this enabling concept are described 
beloW. 

The ?gures indicate a single connector manufacturing 
system for illustrative purposes. In production, multiple 
connectors Will be built simultaneously in a tool, providing 
a loW cost, highly ef?cient manufacturing process. 
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4 
Additional features can be incorporated into the invention 

to better address the functionality of the connector. For 
example, it is possible to introduce elastomeric device 
package centering bosses 42 (FIG. 2) into alignment frame 
30a during the casting process. This is accomplished by 
creating voids 38 in alignment frame 30a and pedestal 16a, 
as indicated in FIG. 2. As the elastomer is squeegeed into the 
plate it Will ?ll these voids, creating cast alignment bosses 
42. This can be designed to optimally accommodate the full 
mechanical tolerance range of the device. It is also possible 
to mold or connect springs to the frame structure that Will 
center the device in the connector frame. These centering 
springs could be accomplished With molded ?ngers around 
the inside perimeter of the frame, essentially Where bosses 
42 Would be. These ?ngers Would bias the device inserted 
into the frame to properly locate the frame/ECPI and com 
ponent. 

The surface of the pedestal in the alignment plate is 
replicated by the surface of the elastomer during the casting 
process. Features Which Will enhance the performance of the 
elastomer can be formed on the pedestal, and these Will be 
replicated in the surface of the elastomer. One example of 
such a feature is shoWn in FIG. 3, Where a series 44 of 
spaced protrusions 46 have been placed on pedestal 16b on 
a grid Which matches the interstitial spaces of the pad array 
of the device being connected With the ECPI. This Will result 
in an array of dimples in the elastomer, Which Will both 
alloW for expansion volume of the elastomer, and potentially 
reduce the opportunity for electrical shorts betWeen adjacent 
contacts. Protrusions 46 can be applied to pedestal 16b by 
machining methods, or by the application of a photo de?n 
able medium such as solder mask. 

The central pedestal of the casting plate can be coated 
With a mold release that is solid at room temperature, but a 
liquid at oven temperature. This Will melt before the ECPI 
is cured, creating a liquid ?lm betWeen the ECPI and the 
pedestal. This alloWs the conductive columns magnetically 
forming from the particles in the ECPI to protrude doWn 
Wards into the liquid ?lm (as Well as upWards). The result is 
that the columns protrude slightly from the surface of the 
cured ECPI sheet. Also, since the bottom particles of the 
column are in a liquid ?lm, the lateral mobility of the 
columns is increased, thus enhancing their ability to uni 
formly distribute by mutual repulsion, thinning out high 
density anomalies and back-?lling into any sparse areas. 

It is also possible to incorporate spacer structures into the 
connector frame, for example as rigid corner spacers 52, 
FIG. 4. Spacers 52 sit on the frame, betWeen the ECPI and 
the frame. Accordingly, spacers 52 Will limit the compres 
sion of the elastomer to a ?xed compressed thickness. Also, 
inertial forces caused by shock and vibration of the heat sink 
and device Will be transmitted directly from the device to the 
substrate (frame), thus isolating the elastomer and its elec 
trical interconnections. 

In another preferred embodiment, a ?ex circuit 54 can be 
placed in the system as shoWn in FIG. 5. Flex circuit 54 can 
be mounted on the device side, as shoWn in the ?gure, or on 
the board side of the cast elastomer. Flex circuit 54 has pads 
56 on both sides, interconnected by metaliZed vias. Pads 56 
could be isolated from each other, or interconnected With 
circuits 57, Which are similar to circuits 60, FIG. 6. The latter 
Would be useful in providing a means to modify the device 
interconnect Without going through the expense of rebuild 
ing the device. 
The ?ex circuit interposed in this fashion provides several 

unique enhancements to the design. It provides a robust Wear 
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surface for applications requiring many insertion cycles. 
When used to interconnect BGA (Ball Grid Array) devices, 
the ?ex circuit interposer provides a means (properly shaped 
and siZed pads) to optimally transfer the load from the 
spherical ball to the elastomer. The opposing pad surfaces of 
the ?ex can be siZed and plated so as to optimiZe the 
interconnection. For example, the pad facing the BGA side 
could be solder plated. In another example, the pad facing 
the device could be smaller than the device pad to better 
accommodate tolerance mismatch issues betWeen the device 
and board. The pads on the device side of the ?ex circuit 
interposer could have asperities formed on them such as 
silvered nickel particles, or plated diamond shards. These 
Would bite through any oxides or debris on the device pad, 
enhancing the quality of electrical interconnection. 

In another preferred embodiment either surface of the cast 
elastomer could be directly plated With the same interface 
pad structures described above in conjunction With FIG. 5. 
See FIG. 6, Wherein pads 58 have been directly plated on 
ECPI 40b, and may included pad interconnecting circuits 60. 
Contacts 58 provide many of the same functions provided by 
the ?ex circuit described above. These pads provide a robust 
Wear surface for applications requiring many insertion 
cycles. 
When used to interconnect BGA (Ball Grid Array) 

devices, the plated pad provides a means to optimiZe load 
transfer from the spherical ball to the ECPI. The opposing 
pad surfaces on the ECPI can be siZed and plated so as to 
optimiZe the interconnection. For example, the pad facing 
the BGA side could be solder plated. In another example, the 
pad facing the device could be smaller than the device pad 
to compensate for tolerance mismatch issues betWeen the 
device and board. The pads on the device side of the ECPI 
could have asperities formed on them, such as the plated 
diamond shards. These Would bite through any oxides or 
debris on the device pad, enhancing the quality of electrical 
interconnection. 

Pedestal 16c, FIG. 7, could incorporate an array 62 of 
Zones 64 containing high magnetic permeability material, on 
the same grid as the device contacts. Zones 64 focus the 
magnetic ?eld in the ECPI While it is being cured so that the 
conductive particle column density Will be highest in the 
vicinity of an interconnect, and loWest in the space betWeen 
contacts. This simultaneously increases the contact conduc 
tivity and the insulation resistance betWeen neighboring 
contacts. 

Other embodiments Will occur to those skilled in the art 
and are Within the folloWing claims. 
What is claimed is: 
1. A method of forming an interconnection component 

With integral conductive elastomeric sheet material, com 
prising: 

providing a connector frame de?ning an opening; 

casting uncured elastomeric conductive polymer interface 
(ECPI) material onto the connector frame spanning the 
opening; and 
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curing the ECPI in the presence of a magnetic ?eld, to 

integrally couple the ECPI to the connector frame, and 
create a series of spaced conductive columns through 
the ECPI thickness. 

2. The method of claim 1, Wherein the frame has a loWer 
coef?cient of thermal expansion than the ECPI so that the 
ECPI is held in tension. 

3. The method of claim 1, Wherein the method further 
comprises: 

providing a casting plate de?ning an annular cavity With 
a central pedestal, and placing the frame into the cavity 
before casting the uncured ECPI. 

4. The method of claim 1, Wherein the method further 
comprises providing one or more openings in the frame, in 
Which the ECPI is held. 

5. The method of claim 4, Wherein the frame is annular, 
and the openings are along at least tWo opposed sides of the 
frame. 

6. The method of claim 5, Wherein the frame is generally 
rectangular, and the openings are along all four sides of the 
frame. 

7. The method of claim 1, further comprising one or more 
protrusions in the ECPI, and in contact With the frame, to 
help to maintain registration betWeen the interconnection 
component and a device. 

8. The method of claim 1, Wherein the ECPI is in tension 
in the frame. 

9. The method of claim 1, Wherein the conductive col 
umns in the ECPI protrude from at least one surface of the 
ECPI. 

10. The method of claim 9, Wherein the protrusion is 
created With a material that is liquid at the ECPI casting 
temperature, and placed betWeen the pedestal and the 
uncured ECPI. 

11. The method of claim 1, Wherein the ECPI de?nes one 
or more depressions proximate at least some of the conduc 
tive columns. 

12. The method of claim 1, further comprising one or 
more spacer members betWeen one or more portions of the 

frame, and the ECPI. 
13. The method of claim 1, further comprising a ?ex 

circuit interconnect in electrical contact With the ECPI, to 
enhance interconnection of a device to the ECPI. 

14. The method of claim 1, further comprising a series of 
electrical interconnects on the ECPI surface and in electrical 
contact With the conductive columns. 

15. The method of claim 3, Wherein the method further 
comprises providing an array of high permeability Zones in 
the central pedestal to focus the magnetic ?eld such that the 
columns of particles are preferentially positioned in the area 
of the electrical interconnection. 

16. The method of claim 3, Wherein the central pedestal 
de?nes one or more tooling features for creating molded 
features in the portion of the ECPI spanning the frame 
opening. 


